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(57)Abstract: 

PROBLEM TO BE SOLVED: To execute test recording suitable for a land and groove 
recording by setting optimum erasing power in accordance with the reproducing signals of 
recording tracks and plural different erasing power. 

SOLUTION: The N-1, N, N+1 tracks of a dish 1 are traced by irradiating the tracks with a light 
beam of the prescribed erasing power complying with the recording power from an optical unit 
3 while the magnetic field in an erasing direction is impressed on the disk 1. The slightly 
higher power is set as the erasing power of this time so as to enable the sure erasure of the 
tracks in a test recording region. A controller 10 starts test recording after the end of the 
erasure. The controller 10 ends the reproduction of the N track and determines the optimum 
recording power of a semiconductor laser in accordance with the relation between the 
recording power for k pieces of the sectors of the N+1 track and the reproduction level of the 
sectors of k pieces of the sectors when the N track is reproduced. 
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Japanese Laid-Open Patent Publication No. 10-69639/1998 
(Tokukaihei 10-69639) (Published on March 10, 1998) 

(A) Relevance to claim 

The following is a translation of passages related 
to claims 1. 2, 11, 12, 15, 21, 26, 27, 36, 46, 47, 52, 
and 5 9 of the present invention. 

(B) Translation of the relevant passages. 
[Claims] 

[Claim 1] An experimental recording method to determine 
an optimum light output power of a light source in 
erasing information recorded in a land and a groove on a 
recording medium, comprising the steps of : 

recording a predetermined signal in a predetermined 
track on the medium; 

erasing a track adjacent to the track in which a 
signal is recorded, using different erasing powers; 

reproducing a signal from the track in which a 
signal is recorded and detecting the reproduction signal; 

specifying an optimum erasing power based on the 
reproduction signals and the different erasing powers. 
[Claim 2] The experimental recording method as defined in 



10-69639 



-2- 

claim 1, 

wherein the erasing power is specified to a power 
immediately before the amplitude of the reproduction 
signal starts to fall. 

[Claim 4] An optical information recording/reproducing 
device, for performing an experimental recording to 
determine an optimum light output power of a light source 
in erasing information recorded in a land and a groove on 
a recording medium, comprising the steps of: 

recording a predetermined signal in a predetermined 
track on the medium ; 

erasing a track adjacent to the track in which a 
signal is recorded, using different erasing powers; 

reproducing a signal from the track in which a 
signal is recorded and detecting the reproduction signal; 

specifying an optimum erasing power based on the 
reproduction signals and the different erasing powers. 

[0012] Figure 2 is a flow chart showing a first 

embodiment of the experimental recording method performed 
by the device shown in Figure 1. It is assumed here that 
the experimental recording is preformed, as an example, 
when the disk 1 is loaded in the device. Throughout the 
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first embodiment, it is also assumed that the recording 
is carried out on the optical disk 1 which is an magneto- 
optical disk by an optical modulation method according to 
mark position recording. Referring to Figure 2, as the 
disk 1 is loaded in the device, the controller 10 erases 
records from tracks N-l, N, and N+l in an experimental 
recording region on the disk 1 (SI) . The experimental 
recording region is shown in Figure 3 . In the present 
embodiment, although the track N (groove) and the track 
N+l (land) are used, the recording in the track N-l is 
also erased to restrain adverse effects of crosstalk from 
the track N-l. 

[0013] Still referring to Figure 3 showing an 

experimental recording region, the track N+2 which is 
adjacent to the track N+l is not directly used in the 
experimental recording; however, it is reserved as a 
buffer area since data in other areas may be destroyed 
during experimental recording. To perform the erasing 
step SI, a bias magnet (not shown) shown in Figure 1 is 
driven so that it applies a magnetic field in an erasing 
direction on the disk 1. During the application of the 
magnetic field, the optical unit 3 projects light beams 
with an erasing power predetermined based on the 
recording power, tracing down the tracks N-l, N, and N+l 
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on the disk 1. Under these conditions, the erasing power 
is preferably specified to a large value to ensure 
erasure in the tracks in the experimental recording 
region, since crosswriting in adjacent tracks does not 
matter . 

[0014] After the erasure is completed, the controller 
10 starts experimental recording in the experimental 
recording region shown in Figure 3. Specifically, the 
controller 10 sets the recording power P w to an initial 
value of P 0 and sets the value of k, indicative of the 
recording power and sector where recording takes place, 
to 0 (S2) . Next, the controller 10 records a 
predetermined signal pattern with a recording power of P w 
= P 0 + k-AP in the sector M+2 -k of the track N+l (S3) . In 
this event, since k=0, the signal pattern is recorded 
with a recording power of P w = P 0 in the sector M of the 
track N+l. After the completion of the recording in the 
sector M, the controller 10 adds 1 to k and sets the 
recording power to be used in the next recording to P w = 
P 0 + AP (S4) . Next, it is determined whether k = 10 (S5) ; 
since k = 1 here, the process returns to S3 in which a 
predetermined signal pattern is recorded again with a 
recording power of P w = P 0 + AP in the sector M+2*k. Since 
k = 1 in this event, the recording is carried out on the 
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sector M+2 with the sector M+l being skipped. 
[0015] The process of S3 to S5 are effected repeatedly 

this way to perform recording on every second sector M, 
M+2, M+4, etc. by increasing the recording power by AP at 
a time. Figure 4(a) shows the recording power (laser 
power) in this case. The recording power, as mentioned 
earlier, increases in stages by AP at a time, reaching 
the maximum value for the last sector. Here, in the 
present embodiment, the recording was finished when k = 
10 in S5 with k taking the last value of 9. The minimum 
recording power P 0 for k = 0 is specified to a value that 
is sufficiently less than the power causing crosswriting, 
and the maximum recording power P 0 + 9*AP 0 for k = 9 is 
specified to a value that ensures occurrence of 
crosswriting . 

[0016] To perform recording, the optical unit 3 

projects light beams with the aforementioned recording 
power, while the bias magnet (not shown) shown in Figure 
1 is applying a recording-use magnetic field in the 
opposite to an erasing direction on the disk 1. Figure 
4 (b) shows pits in the track N+l formed in the 
experimental recording explained so far. One can tell 
from Figure 4 (b) that the pits gradually grow in size 
with the increase in the recording power, causing 
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crosswriting into adjacent tracks. In the present 
embodiment, the experimental recording is performed on 
every second sector to ensure the time required for the 
semiconductor laser to change its power. 

[0017] After the recording is completed, the 

controller 10 projects a reproduction-use beam, tracing 
down the track N, which is an adjacent track of the pre- 
recorded track N+l, and detects the level of the 
reproduction signal . Specifically, the controller 10 sets 
k = 0 (36) . Next, a recording is reproduced from the 
sector M+2 *k of the track N, and its reproduction level 
is detected (S7) . In this event, since k = 0, a recording 
is reproduced from the sector M of the track N, and its 
reproduction level is detected by a level detecting 
circuit 7 and fed into the controller 10 via an A/D 
converter 8. The controller 10 causes the obtained 
reproduction level to be recorded together with a 
corresponding sector number. However, no recording is 
done on the track N, and the reproduced level is not 
recognized as a piece of data. Since the sector M of the 
track N is adjacent to the sector M of the track N+l as 
shown in Figure 3, the detected reproduction level 
contains a crosstalk component from the N+l track. The 
controller 10 specifies k = k + 1 (S8) and determines 
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whether k = 10 (S9) ; since k = 1 here, the process 
returns to 37, and a recording is reproduced from the 
sector M+2 of the track N in accordance with k = 1. 
Likewise, the sector M+2 of the track N is adjacent to 
the sector M+2 of the track N+l on which experimental 
recording is done. The reproduction is detected by the 
level detecting circuit 7 and fed into the controller 10 
via the A/D converter 8 . The controller 10 causes the 
obtained reproduction level to be recorded together with 
a corresponding sector number in memory. 

[0018] The controller 10 effects the process of S7 to 

S9 repeatedly to perform recording on every second sector 
M, M+2, M+4 , etc. of the track N. In other words, the 
controller 10 preforms reproduction sequentially on those 
sectors that are adjacent to the sectors of the track N+l 
where experimental recording has been made, and causes 
the obtained reproduction levels to be recorded together 
with corresponding sector numbers in memory. Figure 4 (d) 
shows the reproduction signals of the track N. The 
amplitude level of the reproduction signals grows larger 
with the size of pits in the track N+l, i.e., the 
magnitude of the laser power when experimental recording 
is done. Figure 4(e) shows the output signal of the level 
detecting circuit 7. The level detecting circuit 7, 
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having a peak hold property, holds the peak value of the 
reproduction signal of Figure 4 (d) and detects the signal 
as shown in Figure 4(e) as a reproduction level. In the 
present embodiment, by imparting a peak hold property 
this way, the reproduction signal level can be detected 
at high accuracy without depending upon a modification 
pattern when experimental recording is done. However it 
would be still preferable, for example, if the data of 
the levels of reproduction signals during the 
reproduction period of a predetermined sector are sampled 
and averaged, since an error detection could inevitably 
occur due to noise and other reasons . 

[0019] Supposing that the level detecting circuit 7 is 

made of an average value wave detector, increasing the 
value of the coefficient reduces the effects of noise, 
but degrades the sensitivity. To improve on the 
sensitivity, a modulation signal used for experimental 
recording has preferably a dense pattern. The modulation 
signal used for experimental recording may be produced by 
a signal generator for experimental recording use 
installed in the controller 10. Alternatively, a signal 
pattern produced for use in ordinary recording according 
to the modulation law may be used. The latter alternative 
simplifies the arrangement . To improve accuracy, the 
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signal pattern is most preferably a single frequency 
signal. When ordinary data is to be recorded, an ECC for 
error correction is attached at the end of the data for 
one sector; therefore, for experimental recording, a 
trick is necessary, such as removing the ECC from the 
level data before it is fed or using a recording mode 
with no ECC attached. 

[0 020] Reference is now made to Figure 2 again. The 
controller 10 finishes the reproduction of the track N 
when k = 10 in S9 and determines the optimum recording 
power of the semiconductor laser based on the 
relationship between the recording powers used for the k 
sectors of the track N+l obtained so far and the 
reproduction levels of the k sectors when reproduction is 
done on the track N (S10) . Figure 5 shows relationship 
between the recording powers for the track N+l and the 
reproduction signal levels for the track N. In Figure 5, 
the reproduction signal levels increases gradually with 
the recording powers until it reaches P^. This is because 
the pits of the track N+l gradually increases as shown in 
Figure 4 (b) and detected through crosstalk during 
reproduct ion . 

[0021] Meanwhile, as the recording powers surpasses 
P TH , the reproduction signal levels increases sharply, 
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which indicates that crosswriting has begun on the track 
N and the crosswriting component of the track N is 
detected as reproduction levels. The controller 10 
arithmetically calculates the turning-point recording 
power P TO based on the relationship between recording 
powers and the reproduction signal levels of Figure 5 and 
designates the obtained recording power as the optimum 
recording power. The controller 10 controls the laser 
driver 5 to set the recording power of the semiconductor 
laser to the optimum recording power and thereafter uses 
the obtained optimum recording power in data recording, 
which concludes a series of experimental recordings. 
[0022] Note that to determine the optimum recording 

power, P XH or the recording power from which a 
predetermined reproduction signal level is obtainable may 
be multiplied by a constant value, to allow a margin for 
the turning-point recording power P TH . When such a device 
is used that the linear velocity changes according to the 
relative radial position of the disk 1, since the linear 
velocity changes according to the recording position, the 
optimum recording position needs to be of course adjusted 
according to the recording radial position. In this 
event, an optimum recording power may be determined for 
a predetermined radial position, based on which the 
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optimum recording power for a radial position of the disk 
1 is calculated proportionally. To more accurately 
determine the optimum recording power in accordance with 
the radial position of the disk 1, optimum recording 
powers are determined for a plurality of radial positions 
of the disk 1 by carrying out the aforementioned 
experimental recording and then subjected to 
complementary processing so that the radial positions of 
the disk 1 and optimum recording powers in accordance 
with those positions are provided in the controller 10 as 
a data table . 

[0035] Now, a second embodiment of the present 

invention will be explained in detail. In the first 
embodiment, a signal was recorded in the track N-l, 
reproduction was made on an adjacent track N to detect 
reproduction levels. In contrast, in the present 
embodiment, the same signal is recorded in the track N+l 
as well as in the track N-l in the experimental recording 
region shown in Figure 3, and reproduction is made on the 
intervening track N to detect reproduction signal levels. 
Figure 10 shows the experimental recording method of the 
present embodiment, which will be now explained in 
conjunction with Figure 1. In Figure 10, prior to 
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experimental recording, the controller 10 controls 
various parts of the device to erase recordings in the 
experimental recording region on the optical disk 1 (SI) . 
Since recording is made additionally on the track N+l in 
the present embodiment as described above, recordings are 
erased from the three tracks N-l, N, and N+l in the 
experimental recording region of Figure 3. For example, 
if the disk 1 is an optical modulation, magneto-optical 
disk, erasure is done by causing the bias magnet to apply 
a magnetic field in an erasing direction and the optical 
unit 3 to project tracing light beams with an erasing 
power . 

[0036] After the erasure is completed, the controller 

10 sets the recording power P w to an initial value of P 0 
and sets the value of k, indicative of the recording 
power and sector where recording takes place, to 0 (S2) . 
Next, the controller 10 records a signal in the track N+l 
by repeating the process from S3 to S5 . In other words, 
a predetermined signal is recorded with a recording power 
P w in the sector M+2 -k in the track N+l for k = 0 (S3) , 
increases the recording power by AP 0 to P w = P 0 + k*AP, 
determines repeatedly whether k = 10 (S5) , to record a 
predetermined signal on every second sector M, M+2, M+4, 
etc. in the track N+l by increasing the recording power 
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P w in stages by AP at a time. 

[0037] As k = 10 in S5, the controller 10 again sets 

P w = P 0 and k = 0 (S6) and repeats the process of S7 to S9 
to record a signal in the track N-l in the same manner as 
in the track N+l. In other words, a signal is recorded in 
every second sector M, N+2, M+4 , etc. of the track N-l by 
increasing the recording power by AP for at a time. This 
way, an identical signal is recorded in every second 
sector of the both tracks N-l and N+l with equal 
recording powers for those sectors positioned side by 
side across the track N. 

[0038] As k = 10 in S9 , the controller 10 again sets 

k = 0 (S10) and repeats the process of Sll to S13 to 
reproduce a signal from the track N. In this event, the 
signal is reproduced f rom the every second sector M, M+2, 
M+4, etc. of the track N, and the level detecting circuit 
7 detects reproduction signal levels including a 
crosswriting component from the tracks N-l and N+l. The 
obtained reproduction signal levels are fed to the 
controller 10 via the A/D converter 8 and recorded 
together with corresponding sector numbers in memory. As 
k = 10 and the reproduction is completed on all the 
sectors of the track N in S13, the controller 10 
determines an optimum recording power based on the 
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relationship between the recording powers and the 
reproduction signal levels (S14) . The value of the 
turning-point recording power P TH earlier explained in 
reference to Figure 5 is computed, and the computed value 
is designated as the optimum recording power. 
[003 9] In the present embodiment, an identical signal 

is recorded in the track N-l and in the track N+l; 
therefore, the experimental recording takes more time by 
the amount required to record a signal in the track N-l,. 
However, since the reproduction track N is affected by 
crosswriting of the two adjacent tracks, both the inner 
and the outer, the recording can be experimented in 
environments more similar to real operating situations, 
and the optimum recording power is further optimized. The 
second embodiment, similarly to the first embodiment, is 
applicable to recording in lands and grooves on a 
magneto-optical disk by optical modulation, magnetic 
field modulation among other schemes. 

[0071] Now, a fifth embodiment of the present 
invention will be explained in detail. In the present 
embodiment, when the aforementioned experimental 
recording is made on a magneto-optical disk or phase 
changing optical disk, the reproduction signals from both 



10-69639 



-15- 

the land and the groove are evaluated to obtain an 
optimum recording power. In the experimental recording 
region of Figure 3, the track N for which reproduction 
signals are evaluated is a groove track. In contrast, in 
the present embodiment, experimental recording is made 
for both cases where the track N is a groove track and 
when it is a land track. Figure 18 is a flow chart 
showing an experimental recording method of the present 
embodiment . 

[0072] In Figure 18, to perform an experimental 

recording, the controller 10 makes an experimental 
recording on a land section (SI) . This encompasses all 
the experimental recordings explained in the preceding 
embodiments; if an experimental recording is performed on 
a magneto-optical disk according to the flow chart of 
Figure 2, 10, or 11 and a phase changing optical disk 
according to the flow chart of Figure 12, for example. In 
these events, the experimental recording is of course 
performed on the track N which is a land section. 
Obtained optimum recording powers and optimum erasing 
powers are recorded in memory as land data. After 
completing the experimental recording on the land 
section, the controller 10 now performs an experimental 
recording on a groove section and causes obtained results 
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to be recorded in memory (S2). 

[0073] In an ordinary recording operation, the 

controller, upon receiving an instruction to record (S3) , 
determines whether the instruction is for recording in 
the land section (S4) . If so, the controller 10 specifies 
the light output for a semiconductor laser based on the 
land data obtained in SI and perform recording on the 
land section (S5) . Meanwhile, if the instruction is for 
recording in the groove section, the controller 10 
specifies the light output for a semiconductor laser 
based on the groove data obtained in S2 and perform 
recording on the groove section (S6) . In the present 
embodiment, experimental recording is performed on both 
the land section and the groove section. Since recording 
is performed on both the land section and the groove 
section based on individual results from experimental 
recording, even if the land and the groove on the disk do 
not share identical dimensional features, information can 
be recorded with respective optimum powers in the land 
and the groove . 
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